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NWRS Importance & Vulnerability 

95,000,000 acres 
(384,451 km2), 556 
national wildlife 
refuges and other units 
of the Refuge System, 
plus 38 wetland 
management districts 
 
Concentrated along 
coast and water bodies 
subject to SLR and 
large hydro changes 



Challenges to Integrating Climate 
Change 

 Lots of demand but little capacity for advanced CC 
work 

 Lots of new information, guides, frameworks, etc. 
 Confusion about how to integrate CC with 

traditional assessments & planning 
 Uncertainty about what conservation objectives 

should be with changing climate 
 Not much $$ for individual refuge attention 



Refuge Vulnerability Assessment Overview: 
what is it? 

Primarily spatially-enabled process to: 
 
 Identify resources for assessment & planning 
 Identify key drivers of change 
 Conduct cumulative effects assessments over multiple 

scenarios 
 Develop response strategies and optional 

management scenarios 
 Facilitate cooperative planning through the 

supporting landscape/subregion 



FWS Planning Application Focus 

 Landscape Conservation Cooperatives (LCCs) – providing 
regional context and priorities 
 Refuge complex/subregion (more efficient analyses for 

groups of refuges & partners in a subregion) 
 Comprehensive Conservation Plan (CCP) – the 

Refuge/Refuge complex Plan 
• Habitat Management Plans 
• Other step down plans 



Key Concepts Incorporated in the Framework 

 Vulnerability assessment 

 Cumulative effects assessment, integrating climate 
change effects 

 The mitigation hierarchy (w/ adaptation)  

 Systematic conservation planning 

 Ecosystem-based & adaptive management 



Products 

 Technical guide 
 Manager’s guide 
 Two pilot project reports 

Intended for refuges, partners, or 
consultants to carry out in 
support of planning objectives 



RVA Process Workflow (abbreviated) 

Step 1 Scope 
Policy framework 

Key resources 
Issues, Priorities 

Step 3 Map 
Cumulative 
Scenarios 
Time series, 

alternative futures 

Step 4 Evaluate 
Scenario Effects  

Resource goal gaps, key 
stressors & locations 

Step 5 Develop 
Strategies 
Mitigation, 

adaptation, change 
priorities 

Step 6 Inform 
Alternatives  
Spatial, non-

spatial actions 

Planning Processes 

Step 2 Information 
Complete data 

inventory, generation & 
modeling 

Collaboration 
Processes 



Pilot Projects 



Issues: Urbanization, sea level rise, habitat management conflicts 

Eastern Shore of Virginia NWRC (1850 ac) 



Issues: feral horses, history of grazing and water development, 
invasives and juniper expansion, expected deleterious climate changes 
on species composition and ecological integrity 

Sheldon/Hart Mountain NWRC (850k ac) 



A Toolkit Approach 
is needed to conduct this complex work 

Framework 
Integration Tool 
NatureServe 

Vista 

Current Tool Suite 

Demonstrated Tool Interoperability 

Potential tool interoperability 

Biodiversity Tools 
Mapping and Distribution Modeling 
Tools – e.g., See5, MaxEnt 

Ecological Process Tools 
Habitat Priority Planner, 
CircuitScape, VDDT 

Geophysical Process Tools 
N-SPECT, Climate Predictions Models 

Ecosystem Services 
InVEST 

Data & Modeling Tools 

Land Allocation/ 
Optimization Tools 
Marxan, Zonation, C-Plan 

Conservation & 
Mitigation Tools 

Mitigation Planning 
Vista Site Explorer, Mitigation 
Query Tool 

Expert Assessment Tools 
Climate Change Vulnerability Index 
Structured Decision Making 
Climate Expert Workshops 

Vulnerability Assessment 
Tools 

Energy and Infrastructure 
Planning Tools QuantM 

“Development” 
Planning Tools 

Land Use Planning Tools 
CommunityViz 

Forestry Tools 

Data Portals & Exploration 
Landscope, DataBasin, Atlas, etc. 

Info Exchange Tools 



Supporting Landscape Cumulative Effects Analysis: Scenario 
Evaluation of Goal Achievement (Vista model) 

Element Distribution 
Spatial Intersect 

or Condition 
Model & Reqs 

Lookup 

Element Response/Sensitivity 
To management & stressors 

Quantitative Reports 

Element Retention Goals 

Impact Maps 

Scenario Outputs 

1 
2 

1 
2 

Scenario 
Scenario 

Condition  
Condition 



Characterizing 
Scenarios 

Sheldon-Hart Mtn example 
2025 scenario incorporating: 
• Current land management (+ 

proposed end of Sheldon horse 
grazing) 

• Current urban & ag uses 
• Current & future infrastructure 

(pipeline, transmission) 
• Future renewable energy 

development 

 

 



Scenario Effects Evaluation 
Basic Vista Evaluation for Sheldon-Hart Mtn 

Areas of incompatible 
management for big 
sagebrush 



Ecological Integrity 
Assessment 

Utilizes scenarios to model 
landscape condition effects 
at and around impacts 
 Note fragmentation in 

2025 from major energy 
transmission corridor 
proposal 

2025 condition model 



Advanced Analyses: combined veg dynamics 
and climate change 
Using VDDT to evaluate grazing effects in Sheldon-Hart Mtn with 
climate change over 150 yr timeframe 



Scenarios integrating sea level rise 



Evaluating Resource Conflicts 

Eastern Shore 
Example 
Depicts resource 
conflict index in 2025 
to 2100 from 
combined stressors 



Opportunities & Strategies 



Opportunities 

Eastern Shore Example 
Areas of potential future 
growth expected to be in a 
wetland state in 40 years 



Inform Alternatives 

Example Alternative 
Eastern Shore 
Areas in orange represent 
collaboration opportunities 
with local government to 
avoid hazards and aid 
conservation 



 Complete the removal of grazing on the refuges 

 Control juniper and manage invasives, work to establish a 
buffer of similar management on adjacent lands 

 Preserve and maintain the priority sagebrush habitats 

 Explore connecting the two refuges through compatible 
management & cooperative acquisition with NGOs of private 
inholdings 

 Complete the study of antelope migration use between the 
refuges to support evaluation of proposed transmission lines 

Strategies 
Sheldon-Hart Mountain Example 



Inform Alternatives 

Example Alternative 
Sheldon-Hart Mtn NWR 
Refuge-compatible 
management (blue) proposed 
for areas around and between 
the refuges to conserve species 
populations and pronghorn 
migration 



Lessons Learned 

 RVAAs are most efficiently & appropriately 
conducted in partnerships over landscapes (~1M-
25M acres) 

 The RVAA fills a gap in technical guidance for 
climate change VA and adaptation 

 The framework and toolkit are applicable 
anywhere for multiple planning sectors 



Contact: patrick_crist@natureserve.org 

RVAA guide: https://connect.natureserve.org/publications/rvaa 
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Questions? 



Issues and Questions for this Session 

What do we need from vulnerability 
assessments to best inform adaptation 
strategies for biodiversity? 

 Species: we cannot adequately 
assess all species individually  
•  What might be practical selection 

 criteria to consider? 
 



Issues and Questions for this Session 

 Regions & Landscapes: We need 
sufficient specificity to inform 
strategies   

• What types of strategies are well-
informed by regional landscape 
assessment? 

 



Issues and Questions for this Session 

For any given area, what might be 
a robust combination? 

 Landscapes 
 Communities 
 Species 
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